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Non-technical summary
There is a large literature that focuses on how international capital flows contributed to the unusually low levels of US long-term interest rates in the mid-2000s, which former Chairman of the Federal Reserve Board Alan Greenspan referred to as a "conundrum". The coincidence of large capital inflows and low levels of long-term interest rates is however not a characteristic specific to the United States in the mid2000s. In fact, capital flows into the euro area were particularly large in the mid2000s and the share of foreign holdings of euro area securities increased substantially while the level of long-term interest rates was very low also in the euro area.
Against this background, the question arises whether a similar mechanism as the one that was behind the downward impact of foreign inflows into US securities might also have been at play in the euro area. The main objective of this paper is therefore to assess whether foreign purchases of euro area bonds since the introduction of the euro and in the run-up to the global financial crisis had a significant impact on euro area long-term interest rates.
The results indicate that, all else equal, the increase in foreign holdings of euro area bonds from the first quarter of 2000 to mid-2006 led to a decrease in euro area long term interest rates of around 1.55 percentage points over the long run, which is in line with other studies' findings on the impact of foreign bond buying on US long-term interest rates. These results are relevant both from a euro area and a global perspective, as they show that the phenomenon of lower long-term interest rates due to foreign bond buying is not exclusive to the United States and foreign inflows into euro area debt securities may have added to increased risk appetite and hunt-foryield at the global level. Moreover, and in addition to the implications for monetary policy which needs to take into account the role of international capital inflows and global liquidity, the results are also relevant for macroprudential policy and financial stability. Further research avenues could therefore focus on developing macro models that explore the role of capital flows and link the developments in long-term interest rates across different countries, including both advanced and emerging economies.
Introduction
There is by now a large literature that focuses on how international capital flows contributed to the unusually low levels of US long-term interest rates in the mid-2000s, which former Chairman of the Federal Reserve Board Alan Greenspan referred to as a "conundrum" (Greenspan, 2005) . According to the "global savings glut" hypothesis (see Bernanke, 2005 Bernanke, , 2007 large -and possibly excessive -net savings in some regions of the world -in particular in emerging economies in Asia but also in oil exporting countries -triggered large net capital inflows into US securities which ultimately exerted downward pressure on US long-term interest rates. Specifically, Warnock and Warnock (2009) This evidence points to the possibility that the same mechanism that was behind the downward impact of foreign inflows into US securities might also have been at play in the euro area. Yet, to our knowledge there is so far no study which examines the impact that foreign bond buying in the first half of the 2000s had on long-term interest rates of the euro area or, more generally, of advanced economies other than the United States. This is striking for a number of reasons.
First, the question arises whether the results that have been found to hold for the United States can be generalised to other developed economies. This would further strengthen the evidence in favour of the hypothesis that there is a causal link going from foreign bond buying to long-term interest rates as it would show that the correlation that is documented for the United States is not due to characteristics which are specific to the United States and not easily controlled for in a single country framework, such as the role of US dollar reserve accumulation by Chinese authorities in the context of China's US-dollar pegged exchange rate regime.
In the pre-crisis period foreign acquisition of US debt securities was largely accounted for by Chinese residents and in particular the Chinese official sector. This reflects the accumulation of foreign exchange reserves by Chinese authorities under the US dollar-pegged exchange rate regime. The empirical literature on the link between foreign bond buying and long-term interest rates typically emphasises the usefulness of isolating purchases of the foreign official sector, as these are likely to be non-financially motivated and hence argued to be independent from yields. This in turn would allow for establishing a direction of causality from foreign bond buying to long-term interest rates. However, foreign official sector purchases might still respond to shocks which at the same time affect yields and hence the observed correlation may not reflect a causal link between the two variables. This is in particular the case for purchases of foreign official authorities that aim at maintaining a fixed bilateral exchange rate. For example, monetary policy shocks that negatively affect both interest rates and the exchange rate of the bond-issuing country may trigger bond purchases by the authorities of the pegging country in order to stem the appreciation pressure of the bilateral exchange rate vis-à-vis the bond-issuing country (and thereby also preserve the value of its foreign exchange reserves in domestic currency). This, in turn, could generate a negative correlation between foreign inflows and interest rates in the data which does however not reflect causality.
The euro area is arguably not affected by this potential bias stemming from large scale bond buying by authorities of large economies whose currencies are pegged to the currency of the bond-issuing economy.
At the same time, the euro area is sufficiently "similar" to the United States to allow for a meaningful comparison given the size of the euro area economy and its financial market. Importantly, the euro is an important issuer of domestic currency denominated debt to global investors and has by now gained a track record as a reserve currency successfully continuing the heritage of the Deutsche Mark also during the crisis. of round-tripping of euro area asset holdings through the United Kingdom).
2 Furthermore, the shares of foreign ownership in the total outstanding securities of all issuers are similar for both the United States and the euro area standing at around 25 percent in mid-2006 (see Table 1 ).
[Insert Table 1 here]
These stylised facts taken together with the process of growing financial integration, where international markets play an increasingly larger role in determining long-term interest rates, also exemplify that understanding the effects of foreign bond buying on euro area long-term interest rates is not only relevant to understand developments in the euro area itself but also globally. By contributing to an environment of low interest rates, these inflows might have led to increased risk taking in a hunt-for-yield context at the global level. Thus, understanding the funding process of the euro area is of the essence to get a more comprehensive picture of the global flow-of-funds.
Finally, since the euro area, in contrast to the United States, recorded a roughly balanced current account throughout the period under review, the significant foreign inflows into euro area securities also highlight the importance of understanding gross financial flows and stocks and the implications of the important linkages they establish (see Lane and Milesi-Ferretti, 2007 ).
The main objective of this paper is therefore to assess whether foreign purchases of euro area bonds since the introduction of the euro and in the run-up to the global financial crisis had a significant impact on euro area long-term interest rates. In order to take into account endogeneity issues, we follow Bandholz The remainder of this paper is organised as follows. Section 2 briefly discusses how capital flows affect long-term interest rates. Section 3 describes the data including our measure of foreign holdings. Section 4 presents the econometric evidence and Section 5 performs several robustness checks of the baseline model.
Finally, Section 6 concludes. and Beltran et al (2013) , which all confirm an economically and statistically significant impact of foreign buying on US long-term interest rates.
Capital flows and long-term interest rates
The theoretical contributions reconciling the observed impact of asset demand on long-term interest rates with the expectations hypothesis generally emphasise the role of risk premia, i.e. the excess return over the expected future short-term interest rates that investors demand to hold an asset with a fixed long-term yield. There are two main types of models that explain how demand effects can have an impact on long-term interest rates.
On the one hand, portfolio balance theories show that by reducing the amount of a given maturity and thereby duration risk available in the market, purchases of long-term securities reduce the premium investors demand for that specific duration risk. This can be the case either because the marginal buyer of this specific duration risk who is dealing in the market is willing to pay a higher price for it, or alternatively because the average buyer decreases exposure to the specific duration risk and therefore demands a lower compensation to hold it (see Gagnon et al., 2010 , Neely, 2010 and Bauer and Neely, 2012 . Importantly, these effects are not necessarily confined to the asset being purchased but may also spill over to other assets.
On the other hand, preferred habitat models focus on heterogeneous investor preferences and imperfect substitutability between maturities and asset classes (see Vayanos and Vila, 2009) . In these models, there are broadly two types of investors: those with preferences for specific maturities and risk-averse arbitrageurs.
Faced with a demand shock in a given maturity that decreases yields, arbitrageurs will move along the yield curve looking for alternative higher yielding investment opportunities, while other investors with a preference for that specific maturity will stay put. The behaviour of arbitrageurs is the key mechanism of propagation of shocks to a specific maturity along the yield curve, the extent of which will however depend on their risk aversion. When risk aversion is high, arbitrageurs will be less willing to invest in other maturities and hence propagation will be low and demand shocks at longer maturities will produce larger impacts at the long end of the curve. and conclude that demand and supply effects were important drivers of yields. Moreover, high risk aversion of arbitrageurs also implies that monetary policy will be less effective as forward rates will under-react to changes in short-term rates.
Data
The ECB publishes a quarterly stock series and a monthly flow series of euro area inward portfolio investment by foreign investors in its balance of payments and international investment position statistics. The flow series starts in January 1999 and the stock series starts in March 1999. Importantly, the series exclude intra-euro area flows and stocks, i.e. only transactions and holdings involving non-euro area residents are included. The data do not identify the residence nor the sector of the foreign investor.
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We proceed to construct a series of monthly stocks of euro area bonds and notes issued by all domestic sectors and held by foreign residents, including both the foreign private sector and the foreign official sector. We start with the first available stock observation which is for March 1999 and end the sample in December 2006 to avoid any effects stemming from the emergence of the first financial market tensions before the outburst of the global financial crisis 6 . The series is constructed by accumulating monthly flows, interpolating to monthly frequency the remaining non-flow stock variation (price and exchange rate variations and other adjustments) and adding it to the observed quarterly stocks. Taking S t as an observed quarterly stock (i.e., either March, June, September or December), our monthly stock for the two months per each quarter for which no data is available is given by:
and
amount of financial flows and holdings are likely to ultimately reflect the purchases of euro area securities by euro area investors. However, there is no way to disentangle these flows from those of UK investors or other investors who choose to use the United Kingdom as a platform to invest in the euro area. 4 Sectoral detail is available for MFI inflows on a monthly basis but also only since 2006. 5 The only alternative source that is able to partially shed light on the identity of the holder of euro area securities (in terms of residence and to a limited extent in terms of sector) is the Coordinated Portfolio Investment Survey (CPIS) published by the IMF. Countries report to the CPIS their holdings of foreign securities and derived liabilities are computed from the holdings data. However, the CPIS only provides annual stocks for the years 1997 and 2001-2011 and no flows are recorded. Moreover, only a limited number of countries report data and in particular some important emerging markets including China as well as many oil exporters do not participate in the survey. Therefore, the derived portfolio investment liabilities of the euro area are significantly underreported. Milesi-Ferretti et al. (2010) document that the discrepancy between euro area portfolio investment liabilities as derived from the CPIS and total portfolio investment liabilities of the euro area recorded in its international investment position as published by the ECB amounted to USD 3,500 billion in 2007. 6 Although our focus is on the pre-crisis period, we also discuss the results for the extended sample encompassing the post-crisis period as a robustness check.
where nf l t,t+3 is the non-flow component, which is given by
This measure of monthly stocks is an observed value for the months that coincide with the end of each quarter. For the remaining months, it combines observed flows and evenly spreads out the non-flow component.
Accumulating flows to observed stocks is also a standard technique employed by statisticians whenever observed (or better data) are not available.
As a measure of long-term interest rates we use 10-year government benchmark bond yields as published by the ECB. The series is derived by weighting the yields of euro denominated government benchmark bonds issued by the central governments of euro area countries and included in the ECB eligible asset database with the monthly outstanding amounts of these bonds. 7 We use the 3-month Euribor rate as a measure of short-term interest rates. As a measure of inflation expectations we use realised seasonally adjusted HICP inflation excluding energy and food, since core inflation is often argued to be a better predictor of future inflation than headline inflation (see Kiley, 2008) . We use realised inflation as data on break-even inflation are only available from the mid-2000s and survey-based inflation measures are subject to certain limitations regarding the timing of data and the forecast horizon covered (see ECB, 2011). Given that we are chiefly interested in the level relationship, using financial stocks is more appropriate than flows. Note however that in the short-run dynamics foreign holdings are differentiated and therefore largely reflect the variation of financial flows, however in addition to a valuation component. The system can be written as follows:
where Y t is a vector containing the endogenous variables, Γ k is the matrix of the short-run coefficients and Π the matrix of the long-run coefficients.
Initial tests show that the null hypothesis of a unit root cannot be rejected for the four variables in the March 1999 to December 2006 period. Moving to the model estimation, we first estimate an unrestricted VAR with the four variables. We then look at the usual lag length criteria to choose the appropriate number of lags. Both the Schwarz and Hannan-Quinn criteria indicate that one lag is sufficient while other criteria point to twelve lags. We focus on the most restrictive criteria given the small sample size of 94 observations from March 1999 to December 2006. We run cointegration rank tests using one lag and find that both the trace and maximum eigenvalue statistics indicate that one relationship between the four variables exists (see Table 2 ). We estimate a VAR with the same variables in differences and look again at the lag length criteria, which point to one lag as being enough. Accordingly, we specify a VECM with one cointegration equation and allowing for one lag in the short-run dynamics. Finally, we test for residual autocorrelation of the VECM of which we find no evidence.
[Insert Table 2 here]
With these results, the VECM simplifies to the following equation:
where i l is the long-term interest rate, i s is the short-term interest rate, π e is expected inflation and F H is our measure of foreign holdings of euro area debt securities normalised by nominal GDP.
Results
The VECM estimates are displayed in Table 3 . The level coefficients are all significant and have the expected signs. Long-term interest rates increase in the short-term interest rate as well as inflation expectations and decrease with foreign holdings. The coefficients on the short-term interest rate and inflation expectations suggest that a one percentage point increase in these variables is associated with a 0.25 and 0.43 percentage point increase in the long-term interest rate, which is close to the estimates obtained by Bandholz et al.
(2009) and Warnock and Warnock (2009) . 8 The coefficient on foreign holdings indicates that a one percentage point increase in foreign holdings of euro area debt securities lowers the long-term interest rate by about 13 basis points. Finally, the error correction term for the long-term interest rate is also statistically significant, as is also the error correction term of the short-term interest rate. The error correction coefficient of expected inflation turns out to be insignificant which is unsurprising given that we proxy it with realised inflation which we do not expect to respond contemporaneously to the system. [Insert Table 3 here]
We look again at our coefficient on foreign holdings and the coefficients of other studies to see how our results for the euro area compare with those of similar studies based on US data. In order to get a meaningful comparison across the available studies we take into account the different scales used in the normalisation of foreign holdings as well as the different time samples and compute the total impact of the change in foreign holdings for a common time period. We choose the period ranging from March 2000 to June 2006. The reason is that in this study as well as the studies based on US data, the holdings series are constructed by augmenting stock data which are not available on a monthly basis with monthly flow data.
In order to base the comparison on the data with the best quality we prefer to identify dates when for both economies the stock data are available. While for the euro area stock data are available for each quarter, Column 2 of Table 4 indicates the foreign holdings variable used, column 3 reports the scale measure, columns 5 and 6 the initial and final foreign holdings values and finally column 7 the total impact which results from the coefficient multiplied by the change from the initial to the final stock. Our results indicate that, all else equal, the increase in foreign holdings of euro area long-term debt securities decreased euro area long-term interest rates by 1.55 percentage points in the period. Our estimate for the total impact falls within the same ballpark as those of other studies, albeit somewhat higher.
[Insert Table 4 here]
There are a few candidate explanations for the higher estimated impact in the case of the euro area. 
Foreign vs domestic holdings
Given the data limitations discussed and our foreign holdings measure, it is not clear to which extent the results obtained in the previous subsections might be driven by (i) foreign official inflows into euro area safe assets and/or (ii) round-tripping, whereby purchases recorded in extra-euro area financial centres such as
London ultimately represent purchases of domestic residents. One way to address this issue is to investigate if the relationship we found is specific to foreign holdings only or whether foreign and domestic holdings are driven by similar forces. If, in fact, significant differences can be found, then these should alleviate the concerns that the relationship found regarding foreign holdings stems from such round-tripping practices.
For this purpose, as an initial step, we compute domestic holdings as a residual of the monthly total outstanding amount of euro area long-term debt securities issued by all resident sectors, and our measure of foreign holdings of euro area long-term debt securities. With the latter measure, we firstly run a model with the same variables as in our benchmark specification but using domestic instead of foreign holdings.
We proceed following the same steps as previously. Lag length criteria point to one lag as being sufficient for the VAR. Cointegration tests indicate that one relationship between the four variables exists (see Table   5 ). Finally, lag length criteria regarding the VAR in differences also indicate that one lag is sufficient. The results for the VECM with these characteristics are displayed in Table 6 . In broad terms, although the coefficients in the cointegration equation -and in particular that on the domestic holdings variable -have the expected signs and are all significant, the error correction term is not, thus indicating that the long-term relationship between these variables does not hold.
[Insert Tables 5 and 6 here]
In a second specification, we extended the previous model to include both foreign and domestic holdings of euro area long-term debt securities. Cointegration tests now point to the existence of two cointegration equations (see Table 5 ) -the remaining lag length criteria give the same indications as before. Since now two long-term relationships exist, restrictions are needed to estimate the VECM. We associate the first cointegration equation with foreign holdings and the second with domestic holdings. Accordingly, we impose the coefficient on domestic holdings to be zero in the first equation and the coefficient on foreign holdings to be zero in the second equation; in both cases, we normalize all coefficients by the coefficient on the long-term interest rate.
The resulting VECM is displayed in Table 7 . Again, in both cases the coefficients in the cointegration equations have the expected signs and are significant. However, while the error correction term for the first cointegration equation has the expected negative sign, the coefficient on the second equation has a positive sign. Thus, not only does the long-term relationship between the interest rates and inflation variables with domestic holdings not hold, but also the benchmark relationship with foreign holdings holds despite the inclusion of the additional variable.
[Insert Table 7 here]
In a final estimation, we check whether the euro area issuer sector is relevant for our analysis. We run the specification with both foreign and domestic holdings on corporate yields of different ratings. Specifically, the yields are taken from Datastream and pertain to 7 to 10 year securities issued by the euro area corporate sector, encompassing AAA, AA, A and BBB ratings. 9 Cointegration tests (not provided) rule out a longterm relationship for A and BBB ratings; in turn, tests are inconclusive for AAA and AA ratings -see Table   5 . The respective VECM results, displayed in Table 8 confirm that the long-term relationship does not exist as, once more, and in both cases, the error correction term is not significant.
[Insert Table 8 here]
To sum up, these estimations point to a differentiated relationship between euro area long-term interest rates and domestic/foreign holdings. Furthermore, they also show that the issuer sector is relevant, as the long-term relationship is circumscribed to general government yields. Taken together, this evidence 9 These series initial data point is January 2000.
indicates that foreign official inflows are likely to have a significant role in total foreign inflows into euro area general government long-term debt securities. In this sense, these results are consistent with those of other US studies, namely Beltran et al. (2013) , who find that, within foreign holdings of US Treasury bonds, only those of official entities are associated with lower yields.
Robustness checks

Trend in data
Given that our foreign holdings variable is trending upwards throughout the whole sample and long-term interest rates are trending downwards, the results could partly reflect a combination of these two trends. To test whether this is the case, we re-run the model including a linear trend t in the cointegration relation of the benchmark model in equation 5. We get qualitatively the same results regarding the cointegration tests (see Table 2 ). The VECM results which are displayed in Table 9 suggest that our findings are not driven by a combination of trends. First, the trend coefficient β t is not statistically significant. Second, despite the inclusion of the trend, the coefficient on the level of foreign holdings is still statistically significant, indicating that there is an effect of foreign holdings on long-term interest rates over and above that of the trend in the data. Furthermore, all other level coefficients in the model remain broadly in line with the results obtained in the benchmark model.
[Insert Table 9 here]
Sample size
Given that our sample is smaller than that typically used in studies based on US data we repeat the exercise using the autoregressive distributed lag (ARDL) approach of Pesaran and Shin (1999) (6) where the coefficients have the same interpretation as before.
In order to determine whether a cointegration relationship in the period under consideration exists we rely on the bounds approach as described in Pesaran To compare the ARDL results with those obtained in our benchmark model, we normalise the lagged level coefficients by the yield coefficient and include an error correction term, which amounts to rewriting the model as follows:
As shown in Table 9 , the coefficient on foreign holdings is almost the same as that obtained using the Johansen method in our benchmark model. Moreover, the remaining coefficients are broadly in line with our previous results. Boivin and Gianonni (2008) show that the correlation between US long-term interest rates and global factors First, we add end-of-period 10-year US Treasury bond yields taken from Bloomberg as an exogenous variable to our benchmark model. Results are displayed in Table 10 . The coefficients are robust to the inclusion of the US long-term interest rate. In particular, the long-term coefficient on our foreign holdings variable -while slightly lower -remains significant. In turn, the coefficient on US long-term interest rates has the expected positive sign, indicating that an increase (decrease) in the US interest rate leads to an increase (decrease) in that of the euro area.
Global factors and US long-term interest rates
[Insert Table 10 Louis.
There is no measure of foreign holdings of US debt securities that would be directly comparable to the series constructed for the euro area. Before adding the US data to our bechnmark model, we test whether our US data are appropriate by running our benchmark model with US data only. The VECM results are presented in Table 11 . Our foreign holdings coefficient turns out to be almost identical to that in Bandholz et al (2009) -0.088 and 0.081 respectively -which provides the only study that does not use a split between official and private holdings of US securities.
[Insert Table 11 here]
We then proceed with the model including both euro area and US long-term interest rates as endogenous.
Lag length criteria point to either one or three lags. Cointegration tests indicate that three cointegration relations exist, except for the trace test when using one lag which favours five relations (see Table 12 ).
Lag length criteria on the same VAR in differences indicate no lags or one lag. We therefore proceed with three cointegration relations for parsimony and estimate two VECMs: one with no short-run dynamics and a second with one lag. To estimate the VECMs we impose the following restritions: (i) we define the first cointegration equation to be the euro area model -i.e., forcing the coefficients on the US variables to be zero and normalising the remaining by the coefficient on the euro area long-term interest rate -(ii) the second cointegration equation the US model -i.e., forcing the coefficients on the euro area variables to be zero and normalising the remaining by the coefficient on the US long-term interest rate -and (iii) the last cointegration equation establishes a relationship between both long-term interest rates -i.e., forcing all variables to be zero except both euro area and US long-term interest rates (normalized by the euro area rate). The global model results are displayed in Table 13 . The long-term coefficients continue to have the expected signs and are close to those of our benchmark model, confirming robustness of our results to the inclusion of these additional US variables.
[Insert Tables 12 and 13 here]
Financial crisis period
Following Beltran et al. (2013) we extend the sample to also cover the period since the outburst of the global financial crisis. As they point out, the high levels of volatility during the financial crisis including the Lehman collapse, the drying out of interbank markets, unconventional monetary policies such as the Fed's Large Scale Asset Programmes or the ECB's Securities Market Programme and the announcements with regard to Outright Monetary Transactions, may have had an impact on the relations we are exploring in this paper. Moreover, in the particular case of the euro area, the sovereign debt crisis is an additional factor, as our analysis is based on measures of long-term interest rates and foreign holdings which are effectively composed of information pertaining to the different euro area countries.
We run cointegration tests for our model extending the euro area sample beyond December 2006 in six-month blocks. As our analysis is based on foreign buying by all sectors, whereas Beltran et al. (2013) differentiate between foreign official and private buying, our results would not be directly comparable. We therefore also run rolling cointegration tests for the US model, however, using the measure of monthly stocks of foreign holdings of US securities constructed by Bertaut and Tryon (2007) . It turns out that in both cases the cointegration relationship breaks when the sample is extended to include data up to December
2008.
This break in the relationship between foreign purchases and long-term interest rates could reflect the choice of our measure of foreign holdings. Figure 4 plots the measure used in the econometric analysis, i.e.
foreign purchases of debt issued by all sectors, against the foreign purchases of debt issued by the general government which is only available from 2006 onwards at the quarterly frequency. It turns out that both measures start to diverge around the last quarter of 2008, suggesting that the decoupling of private from public liability flows led to a weakening of the relationship between foreign purchases issued by all sectors and the level of benchmark long-term interest rates.
[Insert Figure 4 here]
Other exogenous factors
In a last robustness check, we also add the euro area industrial production index to proxy for GDP growth and the VIX to proxy for risk aversion as exogenous variables. Results are displayed in Table 10 . There is no qualitative change to the overall results and the coefficient estimate on the measure of risk aversion is statistically significant and economically plausible suggesting that yields on government bonds decrease when risk aversion is high.
Conclusion
Foreign ownership of securities issued by euro area residents has increased considerably since the introduction of the euro and in the run up to the global financial crisis. We set out to see whether the increase in crossborder holdings had an impact on long-term interest rates, as is already documented for the United States in several studies. We show that there is in fact a statistically significant impact: all else equal, the increase in foreign holdings in the period led to a decrease in euro area long-term interest rates of 1.55 percentage points.
These results are relevant both from a euro area and a global perspective, as they show that the phenomenon of lower long-term interest rates due to foreign bond buying is not exclusive to the United
States and foreign inflows into euro area debt securities may have added to increased risk appetite and hunt-for-yield at the global level. In particular, in addition to the implications for monetary policy which needs to take into account the role of international capital flows and global liquidity, the results are also relevant for macroprudential policy and financial stability. Further research avenues could therefore focus on developing macro models that explore the role of capital flows and link the developments in long-term interest rates across different countries, including both advanced and emerging economies. 
